ffFOSR  66-2764 


CONTRACT  AF  EOAR  61  (OS2)-8JO 
IS  SEPTEMBER  1W6 


Final  Scientific  Report 

f 

Comparative  neurophysiology  of  vision 


GIUSEPPE  MORUZZI 

INSTITUTE  OF  PHYSIOLOGY  .  UNIVEKSITY  OF  PISA  (ITALY) 


Th*  research  reported  In  this  document  has  been  sponsored  in  part  by  the  Office  of  Scientific 
Research  through  the  European  Office  of  Aerospace  Research  (OARi,  United  States  Air 
Force,  under  Contract  AF  EOAR  61  052  -830 


CONTRACT  AF  EOAR  *1  '052)-630 
15  SEPTEMBER  1966 


Final  Scientific 


Report 


Comparative  neurophysiology  of  vision 


GIUSEPPE  MORUZZI 


INSTITUTE  OF  PHYSIOLOGY  -  UNIVEHSITY  OF  PISA  (ITALY) 


The  research  reported  In  this  document  has  been  sponsored  in  part  by  the  Office  of  Scientific 
Research  through  the  European  Office  of  Aerospace  Research  'OAR,  United  States  Air 
Force,  under  Contract  AF  EOAR  61  052  -830 


PISA 

ARtl  GIUFICHE  PACINI  MAtlOTTI 
19  6  6 


I.  -  Introduction 

This  annual  report  covers  the  investigations  carried  out  on  the 
project  «Comparative  neurophysiology  of  vision »  supported  by  the 
Contract  AF  EOAR  61  (052) -  830. 

From  September  15,  1965  to  September  14,  1966  the  following 
themes  were  investigated : 

1)  Visual  control  of  flashing  in  the  fireflies  (Magni). 

2)  Evidehcc  of  presynaptic  inhibition  in  the  lateral  geniculate 
body  following  reticular  stimulation  (Kahn,  Magni  and  Pillai). 

3  Presynaptic  inhibition  in  the  lateral  geniculate  body  with 
regard  to  the  problem  of  reciprocal  binocular  interaction  (Kawa- 
mttra  and  Mafchiafava;  Marchiafava). 

4)  Receptor  and  neural  responses  in  the  cat’s  retina  (Mafia 
and  Poppele). 

5)  Temporal  and  spatial  relations  in  retinal  units  (Gestri,  Maf- 
fei  and  Petracchi). 

6)  Surgical  immobilization  oF  eye  and  pupil  (Berlucchi,  Mun¬ 
son  and  Rizzolatti). 


II.  -  The  research  workers 

Dr.  F.  Magni  is  assistant  professor  of  the  Institute  of  Physiol¬ 
ogy  and  acting  professor  of  General  Physiology. 

Dr.  P.  L.  Marchiafava  is  assistant  professor  of  the  Institute 
of  Physiology. 

Drs.  G.  Berlucchi  and  L.  Maffei  are  research  associates  of  the 
Consiglio  Nazionale  delle  Ricerche  (CNR). 

Dr.  G.  Rizzolatti  had  a  fellowship  of  the  Ministero  della  Pub- 
blica  Istruzionc. 

Drs.  G.  Gestri  and  D.  Petracchi  are  research  associates  of  the 
Institute  of  Physics  of  the  University  of  Pisa. 
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Drs.  N.  Kahn,  from  the  Columbia  University,  J.  B.  Munson, 
from  the  University  of  Rochester  and  R.E.  Poppele,  from  the  Uni¬ 
versity  of  Minnesota,  had  fellowship  of  the  P.  H.  S.  Dr.  Poppele  will 
spend  at  Pisa  also  the  year  1966-67.  Dr.  V.  Pillai  was  IBRO-Unesco 
fellow  while  Dr.  H.  Kawamura  had  a  CNR  fellowship. 


III.  -  Results 

1.  Visual  control  of  flashing  in  fireflies  -  Magni’s  experiments, 
which  were  summarized  in  the  previous  annual  Report,  had  shown 
that  steady  photic  stimulation  of  strong  intensity  inhibits  sponta¬ 
neous  flashing  in  the  firefly  Luciola  italica,  whereas  facilitation  of 
both  strength  and  frequency  of  spontaneous  flashes  occurs  when 
steady  illumination  is  low  in  intensity  (C:  7).  The  work  carried 
out  by  Dr.  Magni  (A:  9)  during  this  year  was  mainly  concerned 
with  the  neural  mechanisms  underlying  the  effects  of  steady  illu¬ 
mination,  particularly  with  regard  to  the  nature  of  the  light-induced 
inhibition  of  flashing. 

Male  specimens  were  fastened  to  a  small  board  and  the  flashes 
were  recorded  by  means  of  a  photomultipler,  the  output  of  which 
was  led  io  a  cathode  rays  oscillograph  (C.R.O.).  A  projector  lamp, 
focused  onto  the  eyes  of  the  animal,  produced  photic  stimuli,  the 
duration  of  which  could  be  controlled  by  means  of  an  electromag- 
netically  driven  shutter.  The  intensity  of  illumination  was  changed 
by  means  of  calibrated  neutral  filters.  Bipolar  platinum  electrodes, 
inserted  on  the  midline  of  the  thorax,  were  used  to  stimulate 
the  ventral  cord  with  square  pulses,  whose  intensity,  duration 
and  repetition  rate  could  be  varied  at  will.  The  electrical  responses 
of  the  abdominal  ganglia  were  recorded  on  CRO  by  means  of 
a  copper  wire,  100  n  in  diameter,  insulated  to  the  tip,  which 
was  inserted  through  a  small  opening  in  the  cuticle,  the  indifferent 
electrode  having  been  placed  on  the  abdomen. 

The  following  results  have  been  obtained: 

t)  In  the  intact  fireflies,  electrical  stimulation  of  the  ventral 
cord  at  300/sec  produces  clear  cut  facilitation  of  spontaneous 
flashing,  whereas  stimulation  at  the  rate  of  30/scc  produces  inhi¬ 
bition  of  the  spontaneous  flashing.  The  threshold  strenght  was 
always  lower  for  facilitatory  than  for  inhibitory  responses. 
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u )  There  is  no  spontaneous  flashing  in  the  decapitated  fireflv, 
in  confirmation  of  older  findigs  (see  B:  2).  Direct  stimulation  of 
the  lantern  with  single  electrical  pulses  elicits  flashes  (see  B:  3  and 
4  for  ref.),  which  can  be  facilitated  and  inhibited  by  stimulation  of 
the  ventral  cord  at  30/sec  and  300/sec  respectively.  These  results 
were  not  contaminated  by  spread  of  currents,  as  shown  by  control 
experiments. 

in)  Bursts  of  impulses  can  be  recorded  from  the  abdominal 
ganglia  of  intact  fireflies  in  correspondence  of  each  spontaneous 
flash.  The  recorded  potentials  are  probably  due  to  volleys  descen¬ 
ding  to  the  lantern,  since  they  are  always  recorded  before  the  flash¬ 
ing,  the  interval  being  about  150  msec;  they  arc  not  abolished, 
moreover,  bv  destroying  the  lantern. 

iv)  When  the  eyes  of  the  intact  firefly  are  stimulated  by  strong 
steady  light  both  nerve  volleys  and  flashing  disappear.  By  reducing 
the  intensity  of  the  steady  illumination,  a  critical  level  may  be 
found  which  will  produce  inhibition  of  flashing,  without  affecting 
the  nerve  volleys.  When  steady  illumination  is  low  both  the  rate 
of  flashes  and  of  neural  volleys  is  increased. 

These  experiments  suggest  that  central  and  peripheral  mecha¬ 
nisms  play  a  role  in  the  inhibition  of  spontaneous  flashing  by  steady 
illumination.  The  stimulation  experiments  summarized  in  n)  would 
suggest,  moreover,  that  also  the  facilitation  of  flashing  may  be  due 
in  part  to  peripheral  mechanisms,  However  the  evidence  is  less 
strong  than  for  inhibition. 

These  investigations  will  be  extended  next  Spring. 

2)  Depolarization  of  optic  fiber  endings  in  the  lateral  geniculate 
body.  -  Experiments  summarized  in  the  previous  report  (see  C:  1,2) 
have  shown  that  stimulation  of  the  mesencephalic  reticular  forma¬ 
tion  enhances  the  excitability  of  the  intrageniculate  endings  of  the 
optic  tract  fibers.  Similar  results  have  been  obtained  from  the  lateral 
geniculate  body  (L.G.B.)  following  electric  stimulation  of  discrete 
cortical  areas  (B:  6,  8).  Following  reticular  stimulation  slow  po¬ 
tentials  can  be  recorded  from  the  peripheral  stump  of  the  optic 
nerve  (C:  1),  which  are  similar  in  shape  to  the  dorsal  root  poten¬ 
tials  of  the  spinal  cord  (see  B:  5  for  ref.). 
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Kahn,  iyiagni  and  Pillai  (A:  3)  have  performed  a  series  of  exper¬ 
iments  in  order  to  ascertain  whether  the  depolarization  of  the 
pptic  fibers  is  produced  by  some  active  mechanism  or  is  passively 
determined  by  a  potential  field  due  tp  activity  of  structures  in  or 
around  the  L.G.B.  The  experiments  were  performed  in  unanesthet¬ 
ized  midpontine  pretrigeminal  cats.  Stimulating  electrodes  were 
placed  in  the  optic  chiasm  and  in  the  mesencephalic  reticul¬ 
ar  formation.  Glass  micropipettes  (diameter  approx.  0.1  p,  resi¬ 
stance  30  Mfl),  filled  with  3M  KCL,  were  inserted  in  the  lateral  ge¬ 
niculate  body,  for  intracellular  recording. 

Fibers  of  the  optic  tract  could  be  penetrated  at  the  level  of 
L.G.B.  and  were  identified  according  to  the  following  criteria:  a)  the 
latency  of  the  response  to  chiasmatic  stimulation  was  shorter  than 
0.5  msec;  b)  the  response  followed  the  stimulus  even  at  repetition 
rates  of  300/sec;  c)  no  prepotentials  were  seen  associated  with  the 
response,  nor  were  spontaneously  occurring  postsynaptic  potentials 
observed. 

When  the  reticular  formation  was  stimulated  with  brief  trains 
of  shocks,  the  membrane  of  the  intrageniculate  optic  fibers  was 
depolarized.  The  depolarization  had  a  latency  of  30-40  msec  from 
the  beginning  of  the  stimulation,  reached  a  peak  in  50-60  msec  and 
declined  to  zero  after  more  than  100  msec.  When  the  microelec¬ 
trode  Wets  withdrawn  to  a  position  just  outside  the  fiber,  the  po¬ 
tential  field  was  found  to  be  less  than  the  internally  recorded  de¬ 
polarization. 

The  recorded  fibers  could  be  classified  as  «  on  »,  «  off  »,  or 
«  on-off  »  according  to  their  responses  to  diffuse  light  stimulation 
of  the  eyes.  The  reticular  stimulation  was  found  to  be  equally  ef¬ 
fective  on  all  three  types  of  fiber. 

It  is  concluded  from  these  findings  that  the  depolarization  of 
the  intrageniculate  endings  of  the  optic  fiber  is  produced  by  an 
active  mechanism,  which  is  likely  to  be  similar  in  kind  to  that 
postulated  for  presynqptic  inhibition.  The  physiological  significance 
of  presynaptic  inhibition  in  the  visual  system  will  be  further  in¬ 
vestigated. 

3)  Reciprocal  binocular  interaction  at  the  level  of  the  lateral 
geniculpte  body.  -  A  possible  role  of  presynaptjc  inhibition  in  the 
neural  mechanisms  underlying  reciprocal  binocular  interaction  is 
suggested  bv  the  experiments  of  Marchiafava  (A:  10). 
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Working  on  unanestHefizf'H  midpon^ne  prctfigcminal  ICa 
wamura  and  Marchiafava  :  4)  had  shown  that  a  single  condi¬ 
tioning  shock  (CS)  delivered  to  one  optic  nerve  enhances  the  excit¬ 
ability  of  the  intrageniculate  endings  of  optic  fibers  arising  from 
the  contralateral  retina.  This  increase  in  excitability  was  demon¬ 
strated,  following  Wall’s  principle  (see  previous  report,  p.  5,  for 
ref.),  by  leading  from  the  opposite  optic  nerve  the  antidromic  re¬ 
sponse  to  a  test  shock  (TS)  applied  to  L.G.B.,  ipsilaterally  to  the 
recorded  side. 

The  same  CS  also  caused  a  slow  negative  potential  which  could 
be  recorded  from  the  contralateral  pptic  nerve  stump.  Both  the 
enhancement  of  the  antidromic  response  and  the  slow  potential 
qiay  be  regarded  as  suggestive  evidence  (see  B :  5)  that  presynaptic 
inhibition  can  be  elicited  reflexly  by  afferent  optic  volleys. 

Section  of  the  optic  tract,  ipsilaterally  to  the  side  where  the 
CS  was  applied,  did  not  prevent  the  enhancement  of  the  antidromic 
response,  nor  the  appearance  of  the  slow  negative  potential,  an  ob¬ 
servation  suggesting  that  the  conditioning  volley  reached  the  tested 
L.G.B.  through  crossed  optic  fibers.  Hence  an  inhibitory  interaction 
may  occur  between  optic  volleys  coursing  along  fibers  which  con¬ 
verge  upon  the  same  L.G.B.  from  two  hemiretinas  subserving  the 
same  visual  field. 

The  experiment?  suggested  that  a  reflexly  induced  presynaptic 
inhibition,  occurring  at  L.G.B.  levels,  might  be  involved  in  the  me¬ 
chanism  of  reciprocal  binocular  interaction.  They  could  by  not  be 
regarded,  however,  as  a  demonstration  of  such  an  assumption, 
since  there  was  no  proof  that  the  interrelation  between  the  two 
retinas  was  strictly  specific  in  nature  nor  that  the  effect  could  be 
reproduced  by  using  light  as  a  conditioning  stimulus.  These  proofs 
have  been  provided  by  later  experiments  of  Marchiafava  (A:  10). 

A  first  group  of  experiments  was  carried  out  by  applying  the 
CS  to  and  recording  the  antidromic  response  from  the  exposed  in¬ 
terna)  surfaces  of  the  two  retinas.  This  technique  peripitted  to  dem¬ 
onstrate  that  the  effect  was  strictly  specific,  since  a)  for  given  lo¬ 
calization  of  the  geniculate  electrode  the  antidromic  response  to 
the  TS  could  be  recorded  only  from  a  limited  area  (about  2  mm1) 
of  the  ipsilateral  retina  and  b)  the  CS  was  effective  in  increasing 
the  antidrqrmc  response  only  when  it  was  applied  to  the  correspond 
ing  area  of  the  contralateral  retina.  The  specificity  of  the  effect 
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was  so  marked  that  conditioning  stimulation  of  neighboring  ret¬ 
inal  districts,  even  within  the  same  retinal  quadrant,  was  complete¬ 
ly  ineffective. 

In  a  second  group  of  experiments  the  CS  was  represented  by 
the  illumination  of  a  small  retinal  area  (about  200  p  in  diameter). 
The  enhancement  of  the  antidromic  response  was  obtained  only 
when  the  natural  stimulus  fell  onto  the  retinal  area  corresponding 
to  the  contralateral  retinal  area  from  which  the  antidromic  response 
was  recorded. 

This  reciprocal  inhibition  might  provide  a  mechanism  to  ex¬ 
plain  binocular  retinal  rivalry.  In  given  experimental  conditions 
the  impulses  coming  from  one  eye  might  block  presynaptically,  at 
geniculate  level,  the  volleys  arising  from  the  'non-dominant'  ret¬ 
ina.  The  perceptual  alternation  of  the  two  monocular  images  which 
by  their  different  shapes  and  contours  prevent  the  single  binocular 
vision  might  be  due  to  the  reciprocal  organization  of  this  inhibition. 

4)  Receptor  and  neural  responses  in  the  cat’s  retina.  -  Maffei 
and  Poppele  (A :  5,  6)  have  recorded  the  electroretinograpbic  re¬ 
sponses  from  the  cat’s  retina  during  dark  adaptation.  The  experi¬ 
ments  were  performed  on  the  intact  retina  and  after  chronic  pho¬ 
tocoagulation  of  the  retinal  artery,  following  a  technique  introduced 
by  other  investigators  (B :  1)  in  order  to  inactivate  the  neural 
elements  of  the  retina  and  to  record  only  the  receptor  response  A 
study  of  the  b  wave  of  the  normal  retina  and  of  the  receptor 
response  suggest  that  there  is  a  neural  stage  in  dark  adaptation 
(sec  B:  5)  that  occurs  at  the  level  of  the  inner  nuclear  layer  level. 

Maffei  and  Poppele  (A:  7,  8)  have  also  carried  out,  mainly  by 
means  of  sinusoidally  modulated  light,  a  linear  analysis  of  both 
the  receptor  response  and  the  normal  E.R.G.  Under  resonable  as¬ 
sumptions  a  comparison  between  the  frequency  response  of  the  re¬ 
ceptors  and  of  the  ERG  shows  that  the  neural  part  compensates 
some  attenuation  in  the  high  frequency  response  occurring  at  re¬ 
ceptor  level. 

5)  Temporal  and  spatial  relations  in  retinal  units.  -  Gestri,  Maf¬ 
fei  and  Petracchi  (A:  2)  have  carried  out  a  statistical  analysis  of 
retinal  unit  discharge  in  darkness,  steady  light,  and  under  sinu¬ 
soidally  modulated  light.  They  have  found  that  the  interval  distri- 
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bution  is  an  invariant  when  referred  to  the  average  discharge.  They 
have  also  studied  relations  between  different  units  detected  by  the 
same  microelectrude  and  distinguishable  on  the  basis  of  their  dif¬ 
ferent  amplitudes.  Study  of  the  correlation  coefficient  between 
adjacent  units  has  revealed  in  all  the  analyzed  cases  a  statistical 
independence  between  the  events  of  a  unit  and  those  of  the  adjacent 
one,  both  in  darkness  and  under  steady  light  stimulation. 

6)  Surgical  immobilization  of  eye  and  pupil.  -  In  studies  of 
visually-evoked  brain  potentials  in  freely  moving  animals,  a  major 
technical  difficulty  is  represented  by  the  instability  of  the  testing 
stimulus.  Eye  movements,  variations  in  pupil  size  etc.  are  factors 
which  can  introduce  undesired  changes  of  photic  stimulation.  Ber- 
lucchi,  Munson  and  Rizzolatti  (A:  1)  have  devised  a  simple  method 
for  cutting  the  motor  nerves  to  the  eye  and  the  pupil  in  the  cat. 
The  oculomotor  and  trochlear  nerves  are  cut  in  the  fossa  cranialis 
media,  after  lifting  the  temporal  pole  of  the  hemisphere.  The  ab- 
ducens  nerve  is  cut  at  its  emergency  from  the  pons;  the  approach 
is  through  the  auditory  bulla  and  the  basiocciput.  A  binocular  dis¬ 
secting  microscope  is  used  throughout  for  the  finer  steps  of  the 
surgery.  Paralysis  of  the  m.  dilatator  of  the  pupil  is  obtained  by 
cutting  the  cervical  sympathetic  t»-unk  in  the  neck,  either  pre-  or 
postganglionically.  Stimuli  delivered  to  a  paralized  eye  by  means 
of  a  neon  bulb  attached  to  a  corneal  lens  remain  constant  despite 
gross  bodily  movements.  The  method  is  suitable  for  the  study  of 
photically  evoked  potentials  in  waking  and  sleeping  animals. 
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